Some areas in Lake Jusan disparate extremely in population of Corbicula japonica (Yamato shijimi), and this disparity remain constant every year, indicating variation of mortality rate. Most of the low population areas are located in the deeper area where silt-clay concentration is high. Population growth simulation by using dynamic energy budget (DEB) model is used to identify the difference of mortality rate. The results show that the rate varies from 0.001 to 0.01 and this variation tends proportional to the population density. Effect of silt-clay content was not identified for the concentration lower than 26%. Although water depth is shallower than a maximum suitable depth, but in bottom layer in the deeper area, DO always lower than 3 mg.l -1 in summer. This low DO represents low pH, indicating that dissolution mortality occurs every year in Lake Jusan
INTRODUCTIONS
Population density of C. japonica is sampled every summer in Lake Jusan. High disparity occurs among the points, and remains constant every year: the population is always high in some points while always low in others. Almost all of low population points are located in the deeper areas, where silt-clay content in sediment is high ( Fig. 1 and  Fig.2) . In those points, population in most parts is occupied by juveniles, indicating that mortality rate is high, therefore juveniles never survive to reach adult level. The silt-clay content is supposed to be the main factor effect on the high mortality rate, because the maximum lake depth is about 2 m, shallower than a maximum suitable depth limit, 3.5 m 1) . Information regarding mortality rate of C. japonica is relatively too general 1),2) supporting practical need of estimation mortality rate for a certain condition, therefore detail quantification is necessary. This quantification will provide valuable information to maintain the sustainable fishery of C. japonica in the future.
C. japonica is passive-feeding bivalve, therefore their position is stable. Population consists of survivors, which is the remaining population from previous year population, plus new-comers that resulted from regeneration process. Diameter distribution can be drawn as a graph which the horizontal axis is diameter and the vertical axis is population (Fig.3) . The head-part of this graph is population of new-comers, whereas the tail-part is population of survivors. By simulating population growth, the tail-part of the graph can be estimated from previous year population, by considering mortality. Thus, population growth simulation can be utilized as a tool to estimate the mortality rate.
The growth of C. japonica in Lake Jusan is well simulated by DEB model 3) . The DEB parameters obtained, can be used in population growth simulation. By using the distribution of C. japonica in every year, the tail-part of the distribution in the following years can be reproduced. Presuming the mortality rate is constant Goshogawara Station is located in upstream of Iwaki River. 
METHODS
(1) Study area and field data Lake Jusan (Fig. 1) , is a brackish lake. It has surface area of 18.06 km 2 and a maximum depth of about 2 m. The largest tributary is Iwaki River, which contributes to about 80% of the total inflow. The lake is connected to the sea by an artificially constructed mouth, named Mitoguchi Channel.
Field observations were conducted in the lake from 2007 to 2010 during summer. There were 3 continuous measurement points placed in the center, southern-and eastern-part of the lake (Fig. 1) . Spatial measurements about vertical distribution of water quality parameters were also conducted during the measurement period.
Government monitors the population of C. japonica and sediment condition. Population is sampled in every August or September, whereas sediment is sampled every two years, at the same time as population sampling. Population data is available from 2002 to 2008, the smallest recorded diameter was 0.5 mm. The data is then classified into juvenile (diameter < 15 mm) and adult classes.
Combinations of population data with sediment and the depth of sample points are shown in Fig. 2 . In order to simulate the distribution growth, only several sample points are selected, considering two criteria. Firstly, the population must be available in every year for both classes of juvenile and adult. This criterion is necessary to verify the accuracy of the distribution growth simulation. Secondly, it is preferable if the silt-clay content in the selected points varies from the lowest to the highest concentration, therefore its effects to mortality rate would be noticeable. The selected points are shown in Table 1 .
(2) 1D hydrodynamic model
Simulation of water temperature in Lake Jusan was conducted by using a vertical one-dimensional hydrodynamic model. Governing equations of this model are as follow:
where A is surface area of the lake, w is vertical water velocity, z is vertical coordinate, c is water temperature, K is coefficient of vertical diffusion, and S is source term. Discharge from tributaries was estimated from the discharge data measured at Goshogawara station ( Fig. 1 ) multiplied by ratio between catchment area of Lake Jusan and catchment area of Iwaki River at Goshogawara. Discharge in the tidal inlet was estimated considering water balance in the lake based on inflow and water level change recorded at Jusan Station ( Fig. 1) . The sea water temperature was obtained by interpolate linearly the daily data published by Akita Prefecture government. The results of the water temperature simulation are shown in Fig. 4 . Comparing to field data, which is average temperature measured in all continuous measurement points, the results seem in agreements with the observed data (3) DEB model DEB theory 8) describes energy flux of an individual organism by three state variables: structural volume (V), reserve (E) and reproduction reserve (E R ) (Fig. 5) . Energy from assimilation (ṗ A ) is stored in reserve from which it is utilized for maintenance, growth and reproduction. A fixed fraction κ of the utilized energy (ṗ C ) is used for growth (ṗ G ) and somatic maintenance (ṗ M ), with a priority for maintenance. The remaining fraction is directed to maturation (ṗ R ) and maturity maintenance (ṗ J ). Once the individual reaches puberty volume (V P ), energy for maturation is stored into E R and emptied at spawning. During starvation (κ. ṗ C > ṗ A ), growth stops and ṗ C equals to maintenance. For prolong starvation and E is empty, maintenance is paid from E R , if E R is empty, body volume shrinks to pay maintenance need. Effect of temperature is expressed by temperature dependence coefficient. The model are detailed in Table 2 .
Diameter (L) refers to the longest diameter, while structural volume (V) refers to volume of dry flesh excluding shell. V can be calculated with regard to L by using shape coefficient (δ): V = (δL) 3 . Conversion from total fresh weight (including shell) to V was done by using two coefficients: 1 g fresh weight = 0.026 g dry flesh 5) ; volume specific dry flesh weight, ρ = 0.17 g cm -3 6) . According to DEB assumption, for related species, the volume-specific maintenance cost [ṗ M ] must be similar, therefore it was taken the same as Macoma balthica in van der Veer et al. 7) . The volume specific cost of growth [E G ] was set similar also to M. balthica since their maximum diameter, L m is similar. The surface area specific assimilation rate {ṗ Am }, is estimated according to:
The maximum storage density, [E m ] is proportional to L m , therefore by using [E m ] of several species in van der Veer et al. 7) , [E m ] can be obtained. All DEB parameters regarding to C. japonica has been done by Pracoyo et al. 3) , they are shown in Table 3 . Performing DEB model, two input data are required: water temperature and food concentration. Both of them are not available therefore the temperature resulted from numerical simulation was used, and the functional response f, was set constant 0.4, which is obtained from individual simulation growth in Lake Jusan 3) . DEB model is an individual base model. To simulate population growth, diameter distribution graph (Fig. 3) is made with class interval of 1 mm in diameter. The population in every class is divided into several groups with a minimum population of 1 ind. m -2 in each group. A group is treated as an individual, and the mortality rate affects only on the population in each group.
As initial conditions, value of three reserves: V (represented by L), E and E R need to be given. Diameter distribution in every year in the selected points is used as initial diameter. E for all groups was set 50% of [E m ] considering that August is the peak of summer (in term of air temperature), and that the energy reserve should be recharged to maximum (equal to [E m ]) in the end of summer after drained up during hibernation in winter. E R was set 0.0 J assuming that all adult has been spawned (Jul. 20 th -Aug. 20 th is prohibited for catching due to spawning season). The simulation was performed in every selected point for one year to predict population in the following year. Initial condition of E and E R was not essentially effect on the result.
RESULTS AND DISCUSSIONS
The daily mortality rate includes both, natural mortality and catching mortality 2) . Several simulations were conducted using daily mortality rates ranging from 0.001 d -1 to 0.01 d -1 . The error by means of RMSE for those values for every selected point is shown in Fig 6. It is shown that the minimum error took place within the range. Then the optimum rate for each point and year was chosen based on the minimum RMSE. Optimum mortality rates are shown in Table 4 . Closeness of the predictions to the data is shown in Fig. 7 . This simulation aims to predict the population of survivor therefore the result is comparable with the tail-part of diameter distribution in the following year. It is shown that the predicted diameter distribution in agreement to the tail-part of observed data.
The daily mortality rate varies in every point, in every year, ranging from 0.001 d -1 to 0.01 d -1 with average of 0.005 d -1 . In order to find parameters affecting the variation, Fig. 8 shows the relationship between random mortality and population density. Although it is scattered but the trend is observed; random mortality increase due to population density. The similar trend was also found in Ibi-Nagara and Kiso Estuaries in central Japan 2) . One of the possible reasons for this variation is food competition as identified also in an individual DEB simulation in Lake Jusan 3) , there was significant difference of f for two sets of C. japonica growth data. In term of catching activity, the similar trend indicates the Total dry flesh ρ µ µ 
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J cm same ratio of total population to total catching, since the daily mortality take into account the mortality due to catching. Effect of silt-clay content to mortality rate is shown in Fig. 9 . It seems contradiction compare to data shown in Fig. 2 that silt-clay content has strong negative correlation to mortality rate, but Green et al. 4) 9) identified the indirect effect of silt-clay content to mortality rate. Decomposition process of organic matter contained in silt-clay sediment may trigger dissolution of shell, which is lethal condition for C. japonica. The sediment saturation state, Ω was used to identify the occurrence of dissolution. , thus Ω depends much on [CO 3 2- ], which is sensitive to pH. Decreasing of pH effects on the decreasing of [CO 3 2- ]. Decreasing of pH in order of 0.6 from normal condition may turn to undersaturation condition 4) . Spatial measurements in 2009 show that pH in the lower layer deeper than 1 m decreased in order more than 1.0 from normal condition (Fig 10) . This is a strong indication that dissolution occurred in the lower layer in Jusan.
In other years, no pH data is available. However, since DO is a good proxy measurement for pH (Fig.  10) , then it can be used as indicator for pH. Fig. 11 shows DO condition in Jusan in bottom layer at 0.3 and 0.4 meter above bottom (mab), and in top layer at 1.3 mab. DO concentration in the bottom layer was lower than 3 mg.l -1 in every year during summer, correspond to decrement pH in order of 1. This is another strong indication that dissolution mortality occurs every year in Jusan. Fig.10 and Fig. 11 show the contrast condition between bottom layer and top layer in Lake Jusan. DO is continuously high in the top, while in the bottom, it is high in June, then gradually decreases to a very low concentration in August, and gradually increases to the same level as DO in the top layer in October. In relation to temperature (Fig. 4) , this is a clear indication that decomposition occur in the bottom layer, since decomposition need a certain level of temperature. Furthermore, the contrast of DO condition also indicates flow stratification, which is high circulated in the top and low circulated in the bottom. Looking at the bathymetry (Fig.1) , the deeper parts are located in the center, while inflow and outflow are located in the shallower area, therefore water exchange mainly occur in the top layer, while in the bottom layer is relatively stagnant. Looking at salinity condition (data is not shown), fluctuation of salinity is clear observed in the tidal inlet, from top layer to bottom layer due to tide. In the center, salinity is constant high in the bottom layer, and only washed out during flood. Silt-clay riches of organic matter, and it will be decomposed when water temperature is sufficient high. DO is consumed by decomposition process, CO 2 is produced. Since water circulation is low, then DO is decreased and CO 2 increased. The high CO 2 drives down the pH and turn the condition to under-saturation, which means the dissolution mortality occurs. Fig. 2(b) shows that areas deeper than 1.7 m, none of juveniles reach adult level. 
CONCLUSIONS
Daily mortality rate in Jusan varies from 0.001 to 0.01, population density effects on this variation. Effect of silt-clay content was not identified for the concentration lower than 26%. Every year in bottom layer in the deeper area, DO always lower than 3 mg.l -1 in summer. This low DO represents low pH, indicating that dissolution mortality occurs every year in Lake Jusan
ACKNOWLEDGMENT:
This work was supported by JSPS KAKENHI 21360230 and the comprehensive research project of the Study Group for River Ecology in Iwaki River. 
